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Results of the investigaltion are a messuve of The corrective velocity
increment requirement and the vehicle state deviation and uncerteinty in
the neighborhood of the docking interface tabulated for each measurement
configuration. For nominal QPCCJ fied precigion and operation, the oversll

o)
the optical tracker was benu, followed in order by the VHF
tion, the sextant alone and the radar.

e
e

The primary guidance and navigation configuration du 1 ascent
congists of some measuring device To provide information on the relative
state of the IEM and (SM, the ¥almen filter to process thi tion

pogition and velocity, and an ex n

problem to pTOVLJ@ midc@urqe correction capebility
i foll




covariance

h thisg program, as presen reported, are an RS
velocity increment for midcourse corrections and for dispersions about
the nominal terminezl corrections, snd the RMS uncertainties and devia-
tions in position and velocity in the docking neighborhood. These
quantities provide an effective measure of the relative merits of the
various measurement schemes investigated.
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The measurenment schemes considered were:

b. O

P S
SEUNR
Trom an inertial refe

.

uring azimuth and elevation angles from an
e mldcoufse phasejno measurenents in the termi-

nal phase.

A nuber of different initial dispersion matrices corresponding to
various conbingencies were used to exercise the above measuring schemes
- with varying errvor configurations.

T. TRAJECTORY MODEL

are described
equen tly used:

o-called

e
£
Ywoseen




]

The transition matrices used to extrapolate the initisl covariance
matrices Tor dispersions in LEM pogition and velocity and the assoclated
covariance matrix of LEM uncertainties (errors in the estimstion of the

‘venhilcle pogition and velocity) are developed in Appendix A. The following

equations gsumuarize the computations required.

TLet be the

ons about the

n
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e the uncertainties in

he trajectory esticate (
atis

[¥)
estimated posgition dispersion). The linearized St,‘ tics the problern
are described by the covariance matrices
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where t , t©
messurement
variasnce of

th respect to s

Tmplicid

er vo time before and. > dne o
tate errors, and ©£% ig the calibrated

in this presentat

ion is that all the instrument errors
t )

are treated as if they had zero mean. This treatiment 1s made possible
by the simple technique of adding the bigses of the instruments to the
ausntities to be estimated and procegsing the measurements such that
bias estimates are rsalized right along with the vehicle state estimates.

the more T
should not influence
absolute fuel requirement.

(b) Vector measurements

(i.e., range, aximuth and elevation

measured simultancously) are treated as s sequence of scalars and are
introduced one piece of information at a time inbto the estimation scheme.
This is proper only if the errors in the vector measurement are not
correlated Trom element to element, and 1s a reasonsble simplification
for this problem.

(¢) The meassurement biases are assumed constant, This assumption
is good as long as the biases vary slowly with respect to the measurement

t significant bias isg generally platform drift, and this is
Tl ste of the schemes inve

rate. The mos
slow comparad TO




1 We ; to 6 2,
extended Irom thl_ con nge 250 f£t. and
re ive ity of ebout 5 T /sec ould assume menual
control To thc docking maneuver at'Of DI nt. TIn the dis-
cussion that follows, the midcourse phas and then the
terminal rendezvous portion is discussed.

The midcourse guidsnce in the MIT scheme ig achieved by calculating
explicit velocity corrections based on solutions to Lembert's problem for
a Tixed time of transfer from an initial position to a target position
tial space. During this phase, the LEM is actuaslly
rc-at the (S at a specified time. Since the on-board guld-
ance 1is based on est'n‘ S X sriables, a criterion ig introduced to
£ hoints where the estimated
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naticn is of

ment and to 1l

cchom
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at a degired coryection point to DOQLﬂLQﬂ deviationg at t“ hi

Thug, the velocity increment required can be aicu?a ted as a lin

of thc pogition and velocity deviations at en arbitrary point.

of the development of this method are presented in Appendix C, includin
ance transition matrix. It

on of the dispersiong consists

IS ¥

of a covariance matrix, the velocity increment required can also be
characterized ag a coverisnce mabtrix of the variances and correlations of
each of the 1nert1a1 comporients of the corrective velocity increment.

g ains more information than a
increment generated by a Monte Carlo bechnigue

1t doms not CVWWLciLlj Lescr,be the fuel reguirer
C

i This can be scen
immedistely if one notes thet each component of the corrective elucity
has a zero mean, but the fuel x r el s SIS

sarily non-zerc since it deals ; tions.,
However, 5 provided by the trace © hig matrLK dﬂe provide s
e T

T
measure useful for the comperis

uncerc;i
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Where = is

variance in pointing

Finally,

the variance in tail-off
error. Similarly,

midcourse guidance,
and qpkt”nb wes
pﬂwnb whe

the

error and

ey

the veloc1bj requirenent messure for the midcourse phase is:

vrecigion
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The technicue ag lmplemented consgists of testing €

range until a
range~rete to calculs t

chec woint 1s crosged, then using the equiva
, time wnLWW rendezvous:

The
with the
enabling
velood tg‘

;LT

Imallc1t in tHJs a\proach ig the SuSUhUthH t
are unchnanged during the velocity correction of the

2,
This 1s consistenl with the impulsive velocity chang v suy

In programing the problem, it was decided to use the linearizatlon of
Lambert' s problen to determine the re Te“eqce trajectory velocity changes

ci

as well ag the veloelity increment covariaence matrices. This was done
because the accurscy of Tambert's problem in a streigntforwar ]
tion tends to brezk down in the terminal rendezvous region, wnile the

accuracy of tHe 11ﬁe;flzﬂt10n increases with decreasing relative range.
Further, target was generated sboutbt the
(ubSh.Cd analytical solution for this problem

is availa(]
ance dev
Ieﬂﬂitjn
except 1

Q
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curacy. The deteils of the guid-
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to give a
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A limitstion of this study is that only the case where the LEM is
active wasg considered. Alteration of the work to handle the case where
the C3M orbit was manlpulatod would require changing the computation of

transition metrix te the target and changing the range/rduﬁe -rate
schedule 1n the terminal state to one guitable for CSM thrusting, which
is & straightforward extension.

uced in

azinmuth aﬁgles of
the terminal Dhasp, vhen range- iate varies slowly; the radar
range and the elevation and azimuth angles. In both phases,
assumed svailable at a one minute interval. The valueg used for the stand-
ard deviations (S.D.) of the various calibrated errors and initial standard

deviationsg of the biases are tabulated below.
Lange/uanc Rote Errors
Range Range 5.D. Range-Rete $.D.
1 o
hOO n.m. ~ 5 n.m. .0833% .083)% + .33 fps

5 n.m. - 50 Th. .33% £ 6,71 .33% + .33 fps
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The VEF-se

20t i asurement by the
onboard VHT equ ipnent and measure: muth and elevation
angles from an inertial reference to the line of sight by the CSM sex-
tant. This data was used in two modes; VHF-sextant measurements
dnring midcourse and VHF ranging only during the terminal phase, and
VHF sextant measurements during only the midcourse phase with an open
terminal phase. In the open terminal phase, the stabte estimate is simply
propagated with no additional measurements. The data is assumed Lo be
availsble at two mlnute intervals for all modegs. A 152 n.m. meximum range
constraint was pleced on the sextant, and 87 n.m. wag the maximm for the
VHE range. An additional constraint adopted for all schemes involving

the sextant is that sextant measurements stop at a relative range of
15 n.m. This constraint arises from conflicting operational reguire-

.,

ments which prevent the astronsut from msking sightings beyond this point.

-

The standard deviation used in range was 50 ft., and the initial standard
deviation in bias was 100 ft. The sextant prec
exactly T e T

s
1

=sion was uJum“d <o be

o

v, in the sextant confli
he line of Slghh with res
il TWO Nl e B
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V. RESULTS AND DISCUSSION

A CDC 3600 dwg t computer ram incorporating the trajectory and

g
dispersion extrapolation, me ement and guldance techniques outlined in
the previocus sections was genersted for this study. This program was
sed to calculate e velocity requirement and RS position

and velocity d'spersions and uncertainties in the neighborhood of manual
takeover for docking (600 ft. range for the purpose of this study).

A single Hohmann transTer from 50,000 ft. to r@pdﬁzvous with the
oM in an 80 n.m. circular orbit was studied. It has been shown (reference

3) that this type of transfer is spplicable for aborts ”on the neid ghbor—
g c

heood of hover as well as for the direct ascent case. e @
matrices corresponding to the following conditions were obtained from
reference U and refervence 1:

L, PUCGCS abort from hover

5. AGS a@bort
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A list of the system errors effective during velocity corractions
is included as table I. These errors were held constant throughout the
investigation.

A preliminsry study was made to optimize the choice of the cri-
teria previously described for permitting widcourse corrections; the
ratio of RMT velocity uncertainty to RMS velocity correcticn increment
and the deadband for minimvm permissible R“Q velocity correction.
Initisl covariances corresponding to the PNGCS and.MIT dﬁrect ascewt
modes Y € wor% Thesge two i

T

o be large), the deddu,n ; s of
4 were used. For the nouwn@l case (kGNLQ) a ratio of .3 was best,
while MIT initisl covariance gave & minimum at .H. The ratio for

the radar was set st .3 fO” further studies. Both ratio and deadband

were varied for the VHF-sextant case. Ratios of .1, .2, .3 and .h were
used. and deadbands ol 1.: 2., 3. and L. fps. These results are in
table TIb. A comparison of the nominal and MIT covariance resulte gives
a mutuzl best choice of ratic of .2 with a of 2. fps, and thesez
values were used for further work. Again and deadband were
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The results of these runs appear in teble III. The msjor conclusion
to be drawn from these results is that the .1 millirad.S.D. in angular
error for the optical tracker and sextant combinations gives these modes
a decided adventage over the 1 millirad (plus) 3. D. angular error of the
radar, Over all cases in nominal modeg, the optical tracker performs
best, followed closely by the VHF-sextant and the gextant. The radar per-
formance ig somewhal poorer. The range or range-rate radar information
at the specified precigion doegs not appear to be particularly valuable
compared to the angular information. During the latter sbtages of terminal
rendezvous, however, this information helps reduce the uncertsinties to
very low levels., The very good preciQion of the VHF ranging near its
maximum range is helpful for early midcourse corrections, bub is not
sufficiently potent to allow the combination to overshadow the optical
tracker when the VHF-gextent is used st its slower operabional mea SUTGUC(U
rate,

lon in making the

A side point is the effectiveness of bias C
e schemes are gubject

L
high an gUWer accuracy ingtruments ugeful. All the
to tw& rather large UﬂCOftaWnuv in pla pFOLm eﬁ 1 The sbility to

— i ; directly reduces Y which must be
ng heme from the RS of expected platform
errors rors to the caTloLaEion error alone, A portion
of the blas error is still charged against the gcheme, since the variance
in bias error is accounted for, but repeated measurements reduce the cost
of this error considerably.

5

Tt should be noted that the early measurement accuracy of the sextant
combinatbions is so good that even after running through the complete termi-
nal phase with no additional measurements, the deviations and uncertainties
in the docking region present no problems Since manual takeover can
certainly be initiated much sooner then tnc 600 ft. range considered here,
this indicates a margin of safely for adverse lighting conditions, dropped
meggurements and the like,

Finally, even reduction of the angular precision of the optical
racker and sextant combinations from a .1 millirad. S.D. to a 1. millirad
.D. does not significantly increage the measure of corrective velocity
reogjreu although the asgsociated dispersions and uncerisinties in the
egicn are congliderably degraded.
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The results indicate that the opvical tracker is the most efficient
sensor, follomod closely by the VHF gextant and sextant alone, with the
radar somewhalt less efficient. This is to be expected, since the standard
devjatiﬂn f the angular error for the optical tracker and sextant is .1
millirad., whereas the radar angular accuracy ls greater than or equal to

1 millirad,
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T R S s
Syubols

. . ~ 7 -
Covariance matrix of (6 x 6) or (9 x 9)
Covarisnce matrix of correchion velocity increment (3 x 3

Error in state estimate
Gradient metrix for transition matrix partition
Measuremsnt gradient vector

Unit matrix (n x n)

Coupling Matrix

b
Coefficients
Acceleror
Velocity
TEM-CSH

Relative

Radius vector

Time

Time at rendezvous

Time until rendezvous

Time before and after a measurement incorporation
Velocity Vector

State Vector

Covariance matrix of dispersions




Linsarized velocity devistion

%X Linearized state deviation

gw,@ Linearized measurecment deviation

&Cimpl Covariance partition of correction implementation uncertainties
ALY Reference trajectory velocity increment vector

£ S Measure of corrective velocity required by dispersions

Transition matrix from time to to tl




Prrecd
.

NN
~—

Differentiation with respect to time

Trace of & matrix

Magnitude of a vector

Denotes estimated quantity




TABLE I - SYSTEM LEREORS

1. 8.D. of error in platform angular alinement, & =% =S = 1.5 millirad.
b4 v o z
-4
2. 8.D. of error in acceleromester scale factor, K;\ = Ky =K =6.32 x 10 .
< z

-
{? Ny — £
o = . 5 _L'_]_DS.

3. §.D. of thrust tail-off error,¥

= 1.73 millirad.




TABLE II., MIDCOURSE CORRECTION CRITERIA STUDY

2ot d = 3 fb./sec.
1 Standard Deviation Errors
_ * i ) ‘ RMS RS |
COVARTIANCE RATTO NO, CORRECTIONS < MTD < AV TOT
e L . D, b ERVES
PGS L1 i 20.27 40,36
" .2 2 £21.60 30.19 |
L 4 5 : 28.51
.3 5 23.7L 0.5
" b L 24.93 29,14
-~ o QL
MIT .1 1 23.51 5l 86
" .2 2 25.65 37.60 ;
i
¥ -~ - o~ -~
" 3 % 28,16 3h.33
\, s :
" b Iy | 28.48 33.55
b.)
1. PCNCS
|
RATTIO DEADBAND MO . €Ol <y
L 1 2 16.45 19.09
2 2 1645 19.09
3 2 16.97 19.22
.2 i) i | 17.79 19.45
2 2 % 1741 19.22
3 2 ‘ 15.3k oo, i ]
3 1 > i 19.03 20.72
" o 3 17.40 20.83
i T
! Lo Ry 1% 7 :
" 3 3 g 18.35 0.62 |
1 - | - 4 - ;
Iy 3 ~ 19.5k4 21.33 !




2. MIT INTTTATL COVARIANCE MATRIX

- R
RATIO CTIONS S
.1 1 2 20.65 23.83 |
> > 20.65 23.83 |
3 2 21.0L 23.79
.2 1 b £21.03 22.70
2 g £0.58 22,54
3 2 18.5LY4 26.76
I 0 18.92 25.59
PL3 1 h 21.13 23.76 |
3 2 3 20.10 25,34 f
3 3 i £21.06 23.8¢
L 3 22.20 2L, 20
e 3 3 ) ; 21.62 26.78
L 2 E 18.92 25.59




- o

dozma ‘vf ariations.
PGNCS Imitial Covariance Maltrix

RATTOC

'D EADBAND

RMS
;. V. MID

L OITUT AV
RECTIONS

i
{
!
L1 1 o g 15.90
‘: 2 2 | 15.90
' 3 2 % 15.90
i
.2 1 3 | 15.88
" 2 3 ; 15.15 |
" 3 2 % 1h.16
; ‘
3 1 i g 16.56 |
E 3 | 15.66
" 3 2 | 116 |
MIT Initial Matrix
l RMS
BATIO NO,CORRRCTIONS | — %
% 7 /A MID
L 1 2 19.30 21.67 |
" 2 o 19.20 21..67
" 3 2 , 19.30 2167
.2 1 3 18.80 21.00
" o 3 18.80 21.00
" 3 2 16.67 o5 .21
3 1 I 19.25 21.00
| " 2 3 i 1.8.08 21,1k
| " 3 o 5 16.29 25.52




TARLE IX PERFORMANCE OF MEASUREMINT SCHEMES FOR VARIOUS INITTAL COVARTIANCE MATRI

a.,) Radar Perflormance
Ratio = .3 Deadband = 3.

RMS Digpersiong and Uncertainties @ R = 715°.

1. 1 Standard Deviation Errors

RMS |

i Number | |
| Covariance Mode Corrections %' Dispersions |
! i LR LV

; H

| T DA, 3 | 28.26 | 34.33 165, 1.00 | 6o. 07 |
| PEICS D.A. 3 Lo23.71 28.51 163. L8 |69, 0%

i PGNCS A.B.H. 3 | k3.7 156.53 215. 1.ko | 70. e

| AGS D.A. 2 P17.87 30,84 1ok 1.23 | 69. .02

i AGS ABIH 3 L 51 65,72 260.  1.73 | 70. 02

2, 1 St@rmo*a Deviation BErro
Deviati Tin

Humber

Covariance e
Corrections

8)
o)
o]

Tot Digpersions

AR &Y

3
2
=

!
| MIT D.A. 3 | 32.00 | 37.8 173, 1.03 | 81.
PGICS DA, | 3 “p o 26.52 1 3L.48 171,  1.01 | B1.
PCICS AJB.H. 3 | 47.63 611k pp2.  1.h2 | 81,
AGB P.A. 2 | 19.1 | 31.8k4 199. 1.2k | &1. f
AGS A.B.H. 3 © o Sh.B7 1 69.17 265. 1.75 { 81. §

D.A., Denctes Direct Ascent
ALB.H. Denotes Abort from Hover




TABLE TIT. PERFORMANCE OF MEASUREMENT SCHEMES FOR VARIOUS INITIAL COVARTANCE MATHICES .

b.) V.H.F. Sextant - V.I.F. Terminal

o
Ratio ~ .2 Deadband = 2.
RMS Disper

1

iong and Uncertainbtles ab Range = 611°.

[95]

x_J
'S

tandard Devistion Frrors

C

; | RMS R%Q s
: ; No. RMS I RMS Dispersions | Uncertal f
1 ! g | - - - Nt o
Covariance Mode Corrections AN MILA VL AT Tob L AR AN s R
i o 4 - 7~ fog
MTT D.A. | 3 20.58 1 22.57 | 161L. .05 | 102,
e ! - . ! < -
POCS D.A. | 3 L 17.h1 p 19.26 | 161. .05 1102
o PONCE AJBH. | 3 [37.68 1 he.7o |19k, 1.30 1103
| - | [o R . o
, AGS | D.AL 3 Lo18.13 | 20.99 | 175. 1.10 {102
| t : ~ I =L }
! AGS I AVBLH. 3 ho,ekh L 56 L7 L 23hL, 1..66 110k

s Except 10
of" Sight

1 ] i
| Yo. Corve ions | TUnc
Covariance | Mode Corrections |7 /0 0 AV LAR
MIT | D.A. 2 -l 27.5% 1376, 1.09 | 3k6.
PGICS | D.A. 2 L 16.96 20.27 | 35k. 1.05 |32k,
| PGNCS E A.B.H. 3 . L5.01 52.20 | 387. 1.45 |339.
? AGS | D.A. 2 Poo17.20 23.0L | 360. 1.18 | 32h.
AGS | A,BLH. 3 Loh38.71 57.2h 1403, 1.73 1339.

.A. Denotes Diresct Ascent
A.P.H. Denctes Abort from Hover




TARIE TIT. PERFORMANCE OF MEASUR!

I oSCHEMES FOR VARTOUS INTTTIAL COVART L’«\'CE‘ MATRICES

c.) V.A.F. Sextant - Open Terminal
Ratio = .2 Deadband

Number RMS L ORME RMS
Covariance Mode Correchticns | : Dispersions :
. ' AR AV SR vV

R )
\J1
- D

}
| MIT D.A. 3 ﬁ | 22.5% | 265, .96 | 236,
| PCINCS D.A. 3 L 17.h1 0 19,22 | 206. .96 235,
i PGNCS AB.H. | 3 7,08 he.yr tads. 1.31 | 236.
| AGS D.A. 3 Po18.13 1 20.95 | 27k, 1.11 0235,
% AGS A.BLH. 3 LoLG.eh 1 56045 | 316, 1.69 1 237. 27
¢ t H

2, 1 Standard Deviation Errors Bxcept 10
Qtanderd Deviotion Tdne of Sight Angular Lrror

§ - ; RIS
| Numbexr ! - L R ;
~ . ! o P ; 3 boRME | Dispersions
Covariance | Mode Correctic ; | [ e
! ] id o aV Totl AR 2
| i | ) {
: MIT | D, A. 2 .oep.2B8 1 27.50 [ hs9 1.07
2 PGS % D A. 2 L16.96 1 20,22 | Lbp, 1.03
: orar o ; T = ) i1
s PETICS ; ALBLH. 3 L hG.on 1 52,15 | heg, 1.4k
. i | N i N
AGS DA 2 L 17.21 | 23.00 | LL8. 1.17
ACS | ABUIL 3 L h8.7i ) 57.20 | h83. 1.72

LA, Denotes Direct Ascent
"3

JH. Denoctes Aboxrt Hover




TABLE TTT. PERFORMANCE OF MEASUREMENT SCHEMES FOR VARIOUS' INITIAL COVARIANCE MATRIUI

erminal

=

d.) Sextant - Open

2 min. Interval

RM3 Dispersions and Uncertainties @
R = 61

1. 1 Standard Deviation Errors.

% ‘ Number | ! RMS3 { |
I Covariance Mode Corrections | Dispersions !
i i J 1
| P NR [avs
| 5 | & LhA |
% MIT D.A. 3 ; 21.9h | 23.97 |ho63. 1.01 (4h6, %
T - [o) : o 1
! DONCS D.A. 3 18.00 | 19.95 thos. .09 1386. }
| PCNCS .B.H. | 3 38.60 L0656 1hs55. 1.3k jhes, ]
! i -~y - i
i ACS D.A. 3 18.69 | 21.64 {410, 1.3 |385. |
: ACGS ALBLH. 3 LE.35 1 56,75 1h75. 1.70 [hes. |
2. sndard Devigtblion Eryors Except 10
tancord Deviation Line of Sight
i
i Po- | RMS RME !
| Number ! | RMS . . ; o
. . i . P R [, Disnersions Uncertointies:
Covarlancea Mode Correctiong PAV Tot P ' P Lo
i S & [N L ERRERY

- | s a1 oo 54 oAl -

MIT D.A. 2 ; 0.37 jﬁ.jo 3ho. 3.0L 1340, 2

PENCS D.A. 1 booa7.50 ) 62,51 {3ko. 3.40 {340, 2

¢ SO G 3 ~

PONCS ALBLHL | 2 L 53.30 | 83.uk 3uw. 3.30 1339. e

AGS DA 1 | 1z.91 | 58.30 32 3.37 1320, 2

AGS AJBLUH, 2 { .53 1 88.ho 329, 3 L2 1338, 2

| I

D. A. Denotes Direct Ascent
A.D.H.,Denoter Abort from




VARIOUS INITTAT, COVARTIANCE MATRICLS

e.) Sextant - Open Terminal Sighting Frequency Comparison
Ratio adhand R

—~ O wpa
= D

ERSAg I

RMS Digpersions and Uncertainties at a range of 611'.

| | [ i |
| i |
1 (ovariance Mode N*ns/ Numher ; RMS , RMS ;
! | Site | Corrections | 7 AVMAd | /2 AVTob ;
: i / |
i -y 8} H
1 3 } G6 19.02 282,
2 3 | 00 19.95 LOS.
o) - i ~ o)
3 3 | 02 19.77 shl,
§ 1 3 | b3 53.02 360,
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If these variables are regarded ag reference quantities and are
perturbed, the perturbation equations (to first order) are;

- ¢ -
Y=
T o8 . -
SV Sx

If a perturbation

- e -
s . o #y
Al b ‘ o A

¢
LB
[V
P
r{?/
]
¢
]
——
1
i
1
k]
H
fa)
AV
~
¢
-
I
1
s .
ot
)
\/"‘
~
§
e
P
e
s
[
PR
i
& 1
—
i




i PN s | N,
CL [ pe \\\ T o,
& lincsr differentisl 1
ns is unigue, the as eguatio the
; t; tO) ig called the state tlans ition matrix, since
it provides a tran51t10n of the state from time t, to time T.

Now consider the definition of the covariance mabtrix of dispersions:
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and since

If it is observed that the uncertainby e(t) is a perturbastion of the state
Just as the dispersion vector SX(4), and hence obeys the same differential
1t foll
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These are the equabions

spolation of the errors
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In this ndix, the

g eppendix, s £ H.}i’l devisaed
by Kalman and the linearized ; to the varicus measure-
ment schemes ay e developed. treaty angular error calibra-
tions for weighting the measvrements is also desgcribed.

The navigation filter for a space miggion ig required to solve the
following problem; having some initial eqtl ate of the state and ol the
initial varisnces and correlations of the errors in the state and given
a measurement corrupted by random noise and with fewer independent pieces
of information then there are elementg in the state to be estimated, then
how can thig measurement be used to give the greatest improvement (in
come sense) in the state estimate. Typically, minimization of the sum of
the squares of the errors in the estimate is the performance criterion.

In reference 2, Kalman has devised a general sclution to the linear probhlem.
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whereéxxls the perturbation in the scalar measurement due to the dispersion
%Y. , and to first order

Thig result ig stated withou
reference 2 and elsewhere.

In the linearized error nm13 ig, the only variables of interest are
the covariance matrices of dispergions, egtimated dispersions and uncertain-
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as reqguired, The axig sysbtem usged ig sketched
below:
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The range measurement gradient vector is determined by:
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The range-rate measurement gradient vector is determined by:
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Assume that the angle o7 is a normally distribubted random variable
with zero mean, and that /% is a random variable wmiformly distributed
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Since the errorg in the assumed configuration are uncorrelated, the
assuption that they can be treated succesgsgively as scalars holds. How-
ever, in the real case the characterigtics of gimbals and output signal
generators would probably cause a correlation to exist, and this efiect
should be checked when empirical calibrabtlion informetion becomes available.




Guidsnce Technique

Ea

This appendix breats this formulation of the midcourse guldance
an ermingl guidance Technique.

techniqgue and the ©

For the midcourse problem, the actual guidance system will use
the solution to Lambert's problem for some reference targeu position and
a reference transfer time. This fixed time, fixed target problem has a
simple linearized equivalent using the uran51u10n mabrix U/(tf,t) relating
the state devisbion at time t to the state deviation at te, with Y (tf,u)
computed along the reference trajectory. Thus, the dispersion state can
be propagated by:
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The degired end condition is

Hence, partitioning the Wmatrix,
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The change in velocity at a correction is the difference between the
dispersion velocity prior to a correction and this reguired velocity, 1.e.,
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pendix B,

[ U\ = XY~ C R

Expressing the complete change of state,
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Two T of ng velccolty corr:ct1913 errors
due to the dynamics of o o cheme and misalinements of the thruster,
nd errors due to inaccuracies in the inertial reference scheme. In this
study the former errors were assumed to result from a net angular offset
uncertainty end e thru A

st +u'lo‘€ uncertainty. Por the small veloclity
changes considered, those should be the principal error sources. Detaills
of the development ff this tyoe of error are conbsined in reference 6. The
resulting equation is

n addition, the principel inertisl reference errors, i.e., the angu-
inti and accele?ﬂm@ter scale factor error, were

ng error matrix is:

are tze Variad~
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